Although first-degree relatives of colorectal cancer (CRC) patients diagnosed at an early age are at increased risk for CRC, their compliance with colorectal cancer screening (CRCS) is not high. Relatively little is known about why these intermediate-risk family members do not comply with CRCS. Study aims were to identify subgroups of siblings of individuals diagnosed with CRC prior to age 61 who were not compliant with CRCS using cluster analysis and to identify demographical, medical and attitudinal correlates of cluster membership. A total of 421 siblings completed measures of pros, cons, processes of change, CRCS knowledge, physician and family CRCS support, CRC risk, severity, preventability, curability, closeness with the affected sibling, distress about the sibling's cancer and screening intentions. Three clusters characterized as 'Positive about Screening', 'Uncertain about Screening' and 'Negative about Screening' were identified. External validation revealed that those in the Positive about Screening cluster reported significantly stronger CRCS intentions than those who are Uncertain about Screening and Negative about Screening clusters. Results provide an empirical typology for understanding motivations for CRCS among at-risk family members and may lead to the development of more effective interventions to improve screening uptake.
Introduction
Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the second leading cause of cancer deaths in the United States [1] . Although most CRC deaths could be prevented through colorectal cancer screening (CRCS) [2] , participation in CRCS is relatively low [3] . CRCS is particularly important for those individuals at increased risk for CRC because of a diagnosis of CRC in a first-degree relative (FDR) [4] . Risk for CRC is particularly high if the FDR was diagnosed with CRC before age 60.
These family members have an estimated lifetime risk of CRC that is between two and four times the average risk [5, 6] . This greater risk has led to the recommendation that 'intermediate-risk' FDRs (defined as individuals with a FDR diagnosed with CRC before the age of 61 years) begin CRCS at the age of 40 years, a decade earlier than average-risk people [7] and that they undergo more aggressive screening than average-risk individuals [8] .
Although FDRs of CRC patients diagnosed at an early age are at higher risk, their compliance with screening is not high. Compliance rates range from 21% [9] to 79% [10] . Little is known about why individuals at increased risk for CRC do not choose to have appropriate CRCS even after a sibling is diagnosed with this disease. Previous research indicates that at-risk family members who do not engage in CRCS report fewer perceived pros of screening, greater perceived cons to screening, lower perceived risk for CRC, less commitment to CRCS, greater avoidance of the health care system and lower levels of closeness with the sibling diagnosed with CRC [10, 11] .
One approach that has commonly been used in studies of health behaviors has been to identify distinct subgroups of individuals who share similar characteristics. The logic behind using a clustering approach is that specifying the shared and distinct characteristics of subgroups of individuals will lead to the development of more effective treatment approaches. These subgroups can subsequently be used to characterize typologies that may facilitate the conceptualization of problems. For example, typologies have been developed for individuals at risk for initiating smoking [12] or at increased mortality risk after cardiac transplant [13] . Cluster analysis can facilitate more effective treatments by allowing subgroup-specific intervention materials to be developed and facilitating the identification of groups at high risk for poor outcomes. For example, Litt et al. [14] identified three typologies of dental fear and then subsequently evaluated the cluster typologies as a moderator for treatments for reducing dental fear. A similar approach was adopted by Hodges and Wotring [15] to classify levels of psychosocial impairment among adolescents. Overall, cluster analysis may advance our understanding of factors associated with CRCS beyond what we can learn using multivariate regression approaches by characterizing groups of individuals who share beliefs about screening, so that we can identify high-risk groups and develop interventions to target each group.
The present study had three aims. Our primary aim was to identify meaningful subgroups of individuals at intermediate risk for CRC who share similar attitudes and knowledge about CRCS using cluster analysis. Theoretical models (TTMs) are helpful for guiding variable selection for such cluster analyses. Variables included in the clustering were guided by the TTM [16, 17] (pros, cons and processes of change). We clustered based on TTM constructs because our prior work has shown that these constructs are strong predictors of CRCS uptake in this population [11] . We also included knowledge about CRCS procedures in the clustering as this variable is independent conceptually from the TTM constructs but likely associated with cluster membership. Once clusters were identified, our second aim was to determine whether there were participant sociodemographic and attitudinal characteristics that might aid in understanding the cluster subgroups. Our selection of variables was guided by the Health Belief Model [18, 19] (risk, severity, preventability and curability) and the Theory of Planned Behavior [20, 21] (physician and family support for screening, distress about the affected sibling's cancer and closeness with the affected sibling). Our third aim was to determine the validity of the cluster types by evaluating their association with CRCS intentions.
Materials and methods

Participants
Data were collected as the baseline survey for a larger longitudinal study testing the efficacy of three behavioral interventions to increase CRCS (S. Manne, unpublished data). Participants were siblings of patients recruited from medical practices or clinics at 27 participating medical centers across the United States. Prospective patients were identified from lists of CRC patients from Tumor Registry and/or medical records of surgical and/or outpatient follow-up visits. Institutional Review Board approval was received at each site. Physicians providing patient names gave permission for their patients to be contacted. Sample recruitment began in December 2003 and ended in July 2007.
Eligibility criteria for patients whose siblings were the focus of this study included (i) diagnosed with colon or rectal cancer since 1997, (ii) currently living, (iii) age <61 years at diagnosis, (iv) no history of hereditary cancer syndrome, (v) no history of inflammatory bowel disease and (vi) able to comprehend English. Patients were mailed a letter and then contacted by telephone. At this time, eligible patients gave permission to contact all siblings and for medical information to be obtained. Next, identified siblings were mailed a letter describing the study. They were contacted by telephone and eligibility was determined. After informed consent and the Health Insurance Portability and Accountability Act of 1996 (after April 2003) were received, a telephone interview was conducted. During the telephone interview, data for the present study were obtained. Eligibility criteria for siblings were (i) age >35 or 10 years younger than the age at which the patient was diagnosed (if the proband's diagnosis was made at an age <50 years); (ii) full biological sibling; (iii) not on schedule with regard to CRCS defined as not had a colonoscopy in the past 10 years or not had a flexible sigmoidoscopy in the past 5 years and a fecal occult blood test (FOBT) in the past year [22] , sibling's age at screening was appropriate; (iv) no cancer history with the exception of non-melanoma skin cancer or childhood cancer diagnosed under the age of 2 years; (v) no family history of hereditary cancer syndromes; (vi) no history of inflammatory bowel disease; (vii) able to provide meaningful informed consent and (viii) able to read and speak English.
A total of 5242 patients were identified, 1258 (24.0%) of whom were ineligible and 590 could not be located (11.3% 
Clustering variable measures
Participants completed measures of Perceived Pros of CRCS (10 items, sample item, 'Colon cancer tests are safe', a = 0.85), Perceived Cons of CRCS (18 items, sample item, 'Too many things can lead to a wrong result on a colon cancer exam', a = 0.79), Commitment to Screening (nine items, sample item, 'I know I feel better about myself if I have a colorectal cancer test', a = 0.81), Information Sharing and Communication (seven items, sample item, 'I can talk with at least one other person about colorectal cancer screening tests', a = 0.72), Thinking Beyond Oneself (eight items, sample item, 'I think I could come up with some ideas that could get doctors to recommend cancer tests more often', a = 0.71), Avoiding Contact with Health Care (four items, sample item, 'If I feel well, I do not go to the doctor for a regular check-up', a = 0.73) and CRCS Procedural Knowledge (35 items, sample item, 'As part of a colonoscopy, they take X-rays of the colon'). All items were used in our previous work [11] . Scale scores were computed as sums of the items on each scale.
Predictor variable measures
Predictors included marital status, ethnicity, employment, age, income, education, medical insurance, the number of siblings in the family, the gender of the affected sibling, the cancer stage at diagnosis, the affected sibling's age at the time of Identifying cluster subtypes for intentions to have colorectal cancer screening diagnosis and time elapsed since diagnosis. Additional measures were self-reported physician support for CRCS (three items, a = 0.95), selfreported family support for CRCS (two items, a = 0.66), perceived CRC risk (four items, a = 0.81), perceived CRC severity (five items, a = 0.83), perceived CRC preventability (two items, analyzed separately), perceived CRC curability (two items, analyzed separately), closeness with the affected sibling (five items, a = 0.93) and distress about the affected sibling's CRC (one item). Scale scores were computed as sums of the items on each scale.
Validation measure: screening intentions
Four questions asked about intentions to have a CRCS test of any kind, intention to ask one's doctor about CRCS tests, intention to try to make a CRCS test appointment and intention to follow the doctor's recommendation if the doctor recommended a CRCS test. Items were rated on a seven-point Likert scale (1= not at all likely, 7 = extremely likely) (a = 0.90).
Results
Preliminary analyses
All the continuous variables were normally distributed except the CRCS Pros scale on which there was a single outlier with a score 4 SDs from the mean. Since outliers can exert undue influence in cluster analyses, the data for this person were removed from further analyses.
The study sample was 60% female, reported an average age of 47.9 years (SD = 9.1) and was primarily White (91%), employed (68.6%) and reported having medical insurance (88.6%). Patients contributing siblings to the study were on average 2 years since diagnosis and had an average age of 49 years.
Cluster analyses
The sample was randomly split into two equal subsamples and a k-means clustering algorithm was conducted on these subsamples. The cluster solution identified in each randomly selected subsample was then cross-validated. Since there are no standardized procedures for determining the optimum number of clusters, the computer program was instructed to extract a different number of clusters on each run. Solutions ranging between three and six clusters were evaluated using the following criteria: (i) the algorithm converged successfully, (ii) the clusters were interpretable, (iii) the same clusters could be identified in each subsample and (iv) there were sufficient individuals in each cluster, so that the resulting clusters could be used as a grouping variable predicting CRCS intention.
A three-cluster solution was the only solution that met all the four criteria listed above. Figure 1 illustrates the three-cluster solution in each subsample. There were different but corresponding typologies in each subsample. As shown in Fig. 1 , the profile of Cluster 1 in both samples can be characterized as people who are Positive about Screening (nearly 1 SD above the mean on the Pros, Commitment to CRCS, Information Sharing and Thinking Beyond Oneself and one-half a SD above the mean on CRCS Knowledge; nearly 1 SD below the mean on the Cons and about one-half a SD below the mean on Avoids the Health Care System). The profile of Cluster 2 in both samples suggested individuals who were Negative about Screening. Their profile was almost the reverse of those who were Positive about Screening: nearly 1 SD below the mean on the Pros, >1 SD below the mean on Commitment to Screening, Information Sharing and Thinking Beyond Oneself and one-half a SD below the mean on CRCS Knowledge; nearly 1 SD above the mean on the Cons and Avoids Health Care System. The profile of Cluster 3 was essentially flat on most scales. However, people in this group were slightly above the mean on the Cons scale and below the mean on CRCS Knowledge. Because of the relatively limited variability around the mean on each of the scales, we named this clustering Uncertain about Screening.
To determine the extent to which the cluster solutions were replicable, the procedure described by McIntyre and Blashfield [23] was used. In the cross-validation of Subsample 1 replicating Subsample 2, average agreement between the cluster analysis and the nearest-centroid classification was 93.19%. The kappa statistic was 0.89 S. L. Manne et al.
(z = 17.86; P < 0.0001) indicating a high degree of agreement. Similar results were found for the crossvalidation of Subsample 2 replicating Subsample 1. Average agreement was 91.62% and the kappa statistic was 0.80 (z = 15.65; P < 0.0001). These results suggest that the three-cluster solution is replicable. Table I summarizes the means and SDs for each of the seven scales in the two subsamples. Table II summarizes the standardized means and SDs for each of the seven scales in the two subsamples.
Correlates of cluster membership
We determined the characteristics predicting each cluster using a generalized estimating equation (GEE) approach (using the SAS procedure GEN-MOD) to accommodate the non-independence of observations. The GEE models were tested using a logit link function along with an exchangeable working correlation matrix to handle both the binary outcome (cluster membership) and the nonindependence of observations, respectively. In order to maximize statistical power, a three-cluster solution was requested using the entire sample rather than the two subsamples when assessing the predictors of cluster membership. For each of the three comparisons, an initial model was run with all predictors in the model. All non-significant variables were subsequently removed and a final model was run with only significant predictors.
Because of the known role that medical insurance plays in CRCS, this variable was entered first in each of the models described below. In the next step, all other predictors were entered and only significant parameters will be reported.
Comparison of those who were Positive About Screening to those who were Uncertain about Screening
Participants lacking medical insurance were significantly [z = 2.05; 95% confidence interval (CI) À1.92 to À0.04; P = 0.04] more likely to be Uncertain about Screening than those who were Positive about Screening. Table III summarizes the results for the remaining predictors. Results showed that men were more likely to be in the Uncertain about Screening cluster, as were individuals reporting lower income, lower levels of family support for screening or individuals who were less likely to believe that CRC can be cured. In the context of these predictors, having medical insurance was no longer significant. None of the other variables was significant predictors. Table III . Compared with respondents who are Positive about Screening, those who are Negative about Screening reported less education, less physician support for screening, believed that they were at lower risk of developing CRC, believed that CRC will be less severe, were less likely to think that CRC can be cured if caught early or were less close to the proband with CRC. In the context of these predictors, medical insurance no longer differentiated between these two groups.
External validation of the three-cluster solution
External validation of the three-cluster solution was based on the solution's ability to predict CRCS intention. To increase power, the full sample was used and three clusters were requested. Since intention to screen is a continuous variable, a mixed linear models' analysis of covariance approach with nesting was used. In the first step, medical insurance was examined. In the second step, potential screening covariates were evaluated. These included the same set of variables used in the analysis of cluster membership reported earlier. In the third step, the categorical cluster variable was entered as a main effect along with the covariates. To meet one of the assumptions of the analysis of covariance [24] , in the final step, the cluster variable was crossed with each of the covariates. In the first step, medical insurance was a significant [t (93) = 3.66; P < 0.001] predictor of CRCS In the final step, the cluster variable was crossed with each of the covariates in the Step 2 model and non-significant effects were removed. The results of the final model are shown in Table IV . Results indicated that there was a significant interaction between cluster membership and having medical insurance. Figure 2 illustrates the interaction. Among participants who were Negative about Screening, having medical insurance was associated with a stronger CRCS intention compared with those without insurance, although the Tukey's adjusted mean difference was only marginally significant [t (81) = À2. 
Discussion
We created an empirical typology of motivation to have CRCS among individuals at intermediate risk for CRC who were not 'on schedule with regard to' CRCS. Three groups were identified through cluster analyses: Positive about Screening, Uncertain about Screening and Negative about Screening. These clusters were interpretable and replicated through internal validation analyses. External validation analyses showed significant group differences with regard to CRCS intentions among the three clusters. As anticipated, we were also able to identify demographical and psychosocial correlates of cluster membership. Overall, the CRCS typology we identified supports the hypothesis that intermediate-risk, non-CRCS compliant siblings of CRC patients (as defined by the guidelines published in Winawer et al. [22] ) can be categorized into distinct groups which are related to CRCS intentions. In the discussion that follows, we characterize the clusters in more detail and discuss clinical and research applications of these findings. Of the three clusters, individuals in the Positive about Screening cluster had the strongest intention to have CRCS. They were more likely to have medical insurance, be female, to have a higher income, to have higher levels of family support for screening and perceive CRC as more curable than individuals who are Uncertain about Screening. This cluster describes a person who has not had screening but has a proclivity to do so and has both the external support and access to the test. We would predict that these individuals would be most responsive to efforts to increase screening uptake and may not require as intensive an intervention to motivate behavioral change.
Those who are Negative about Screening displayed an opposite pattern. This cluster describes a person who has not had screening, has little motivation to do so, has little external support for CRCS and is less likely to be in the medical system and/or have access to CRCS. These individuals may be very hard to motivate, be least responsive to interventions to increase CRCS and may require behavioral interventions specifically developed for and targeted toward them. In particular, it may be important to focus on reducing these individuals' general avoidance of the health care system as well as emphasizing the benefits of having screening done for their family. The lack of medical insurance points to the need for policy changes to make free or low-cost CRCS available.
Individuals in the Uncertain about Screening cluster fell 'in the middle' of the three-cluster groups in terms of their CRCS attitudes and knowledge. Although they reported above-average perceived pros and below-average CRCS knowledge, this group did not hold strong beliefs about CRCS. Their motivation to have CRCS was not as low as the Negative about Screening group but not as high as the Positive about Screening group. They were more likely to be male, reported lower incomes, had low levels of family support and perceived CRC to be less curable than those in the Positive about Screening group. They were more educated, had greater physician support for CRCS, perceived themselves to be at greater CRC risk, perceived CRC to be a more severe disease and reported higher levels of closeness to the sibling with CRC than those who are Negative about Screening. The psychological profile of this group is the most interesting as their attitudes are neither definitively negative nor positive about screening. Although this could indicate disinterest or ambivalence, it may also indicate a group of individuals who are undecided about CRCS and thus may be amenable to change. Future research to further understand the reasons underlying this ambivalence may provide a more comprehensive assessment of this group. Identifying cluster subtypes for intentions to have colorectal cancer screening Overall, the factors which defined the typologiesperceived pros [25, 26] , perceived cons [27] , commitment to screening [28] , thinking of the importance of screening for others [28] , sharing information with others [28] , avoidance of the health care system [28] and CRCS knowledge [28] -have previously been linked with CRCS intentions.
It is of note that most psychosocial variables were significant correlates of cluster membership. Also, the only factor that moderated the associations between cluster membership and CRCS intentions was medical insurance, which played a stronger role in intentions among participants who were Positive about Screening and Negative about Screening than among members of the Uncertain about Screening group. However, the associations were not entirely consistent. In the Negative about Screening cluster, having medical insurance was associated with a stronger screening intention. In the Positive about Screening cluster, the findings were opposite and harder to interpret: Lacking medical insurance was associated with higher screening intention than having medical insurance. Insurance status was not related to screening intentions in the Uncertain about Screening group. It is possible that, with a more favorable attitude toward CRCS, people are more willing to use their own resources to pay for the test or undergo a less costly test such as FOBT. These individuals may also see the financial benefit of identifying CRC early. Attitudes have not been explored as a predictor of willingness to pay or cost share for medical procedures, although recent studies suggest that a greater 'need' for a medication positively influences patients' willingness to make co-payments for that medication [29] .
The variables that predict membership in each cluster may provide guidance for more precise targeting of interventions to improve CRCS. Adopting this approach, interventions targeted toward motivating members of the Uncertain about Screening group might uniquely benefit from emphasizing ways of garnering family support for screening and increasing the understanding that CRC can be a curable disease in addition to focusing on pros, cons, commitment to screening, willingness to discuss screening with others and gather information about screening and increasing knowledge about the screening tests. Interventions targeted toward motivating the Negative about Screening group might benefit from devising methods to increase perceptions of perceived CRC risk and perceived CRC severity along with pros, cons, commitment to screening, willingness to discuss screening with others and gather information about screening and increasing knowledge about screening. Because these individuals may have less access to, or avoid, the medical system, utilizing the recommendation of a health care provider to promote screening may be challenging for individuals in this cluster. This group may be at particular risk for not having screening done and may benefit from messages that emphasize greater engagement with the health care system and the value of screening for maintaining one's health and benefit for one's family.
These findings lead to a number of ideas for future studies. First, the inclusion of other factors such as self-efficacy in the clustering procedure (e.g. [26] ) may provide a more comprehensive characterization of cluster groups. Second, it is particularly important to further examine persons in the Uncertain about Screening cluster because they held both positive and negative views about CRCS. Third, it would be valuable to evaluate whether interventions designed to increase CRCS uptake also have an impact on cluster membership. This study has several limitations. First, CRCS intention was the dependent variable rather than CRCS behavior. Validating cluster types by predicting CRCS behavior would provide a stronger test of the external validity of the clusters. Second, the fact that sibling refusers were more likely to be male and older suggests that our results may be subject to bias. For example, males are more likely to be in the Uncertain about Screening cluster and thus the number of males in the Uncertain about Screening group may be an underestimate. Third, we were not able to collect longitudinal observational data as all participants were assigned to a behavioral intervention designed to increase screening. Therefore, neither the natural stability of cluster membership nor longitudinal predictors of S. L. Manne et al.
cluster membership over time could be studied. More importantly, our validation measure was screening intention rather than behavior. Fourth, the rate of refusal for both probands (66%) and siblings (65.7%) was relatively high. Finally, the sample was comprised primarily White, married, employed, relatively educated family members. The ability to generalize our findings to low income or minority family members may be limited.
In conclusion, we provide an empirical typology for understanding motivations for CRCS among atrisk family members. This information enhances our understanding of reasons why these family members do not present for CRCS when they have a sibling diagnosed with CRC by identifying subgroups at risk for not having CRCS who may require specialized intervention approaches. These results may thereby facilitate effective interventions to improve CRCS.
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